For many years otolaryngologists and pediatricians have recognized the need for an objective test of hearing for children and adults who, because of age, mental retardation, emotional disturbance or brain damage, fail to respond to subjective audiometry. Attempts have been made to carry out measurements of auditory acuity using electrophysiological data such as psychogalvanometry and changes in heart rate or respiration. However, none of these techniques has stood the test of time.
In 1939 Davis described observable changes in EEG activity in adults when a sudden loud stimulus was introduced to the ear, and this response was called the 'K' complex. Attempts were also made to utilize conventional EEG recordings to assess hearing in children. However, the individual evoked response, being very small, was often hidden in the background of cortical activitythus limiting its usefulness as a clinical tool for testing auditory acuity. In the last ten years a promising new approach utilizing EEG information has been possible with the use of small special-purpose computers which, through a summing or averaging technique, minimize the background cortical activity and yield an evoked response when a sound is introduced to the ear. The use of a computer especially designed to test hearing was first described by Lowell et al. (1960) .
It has been observed that, of the several possible recording sites on the scalp, the greatest response amplitude is obtained with a vertex placement of the active electrode. The evoked response can easily be elicited using either clicks or pure tones.
Obviously the main application of evoked response audiometry is in babies and children and it is interesting to note that the testing of young children and babies by this means is now being requested by foster parents before adoption in several States in North America, and hence it could have some medico-legal significance. In adults the obvious use of this investigation is in the patient with non-organic or functional hearing loss. This test should supplement the conventional tests for malingering and will have a special application in patients who are unable or unwilling to give voluntary response to sound.
It is not the purpose of this short communication to present anything controversial in the field of cortical audiometry but to outline the develop- Stimulus duration 270 ms, frequency 1 000 Hz (0 dB = 20 vN/m2) 21 367 ment of our present clinical project. In the spring of 1968 we acquired a Biomac averaging computer and EEG recording apparatus and the equipment was housed in a sound-treated room.
Normally the procedure consists of attaching silver disc electrodes to the subject's scalp and pure tones of a specific intensity and frequency are presented to the ear via head phones or a speaker. A series of stimuli is introduced and the responses averaged. The stimulus intensity is then lowered and repeated until an evoked response having a characteristic wave form can no longer be visualized. The typical auditory evoked response is illustrated in Fig 1. With our original apparatus patients had to be brought to the medical electronics department, but later a prototype of a mobile commercial apparatus was employed and this is now being used for mentally subnormal patients in another hospital. However, during the past two years, two manufacturers, one in this country and one in North America, have produced more compact and automated equipment which costs between £3,000 and £5,000. Nevertheless, though this is within the scope of a North American hospital budget, it seems unlikely that the average children's clinic would acquire its own unit in this country. The newer commercial machines have the advantages of speed of operation and automation but have only one channel for recording electrophysiological information. Thus no eye movement monitor or eye movement averager can be introduced. It is also extremely hard to assess the state of sleep on a single channel and for this reason we feel that it is essential to have an EEG machine as part of the apparatus if studies under sedation are to be undertaken (Fig 2) .
Our initial work in this field consisted of testing normal adults and children and comparing their objective reading with pure-tone audiometry. We found that we could get within 10-15 dB of their subjective threshold by this means. However, with younger children the total duration of the test was criticalfor a child would not sit still while wearing head phones, even though amused or distracted, for longer than forty minutes. Also the length of time using moderate sedation is limited in the favourable alpha stage of sleep. Screening of young children and babies was carried out at 250, 500, 1 000 and 2 000 Hz. As a general rule we can agree with Halliwell Davis's observations that audiograms of severely deaf children are usually smooth and not ragged and the general levels of sensitivity in the two ears rarely differed by more than 15-20 dB. To date we have not found it necessary to use any sedation.
From our results and experience with the equipment just described we decided to establish an evoked response audiometry service in St Bartholomew's Hospital using the facilities of the Department of Clinical Neurophysiology.
The general-purpose computer is programmed in the usual way, but our program for averaging is stored on digital magnetic tape. Once this program has been loaded into the computer the whole evoked response measurement sequence is controlled by a single switch on the EEG machine console. The EEG is recorded on either an 8or a 16-channel chart recorder. The averaged evoked responses are written out and stored on the same chart, and the recording starts automatically when the computer has finished the averaging process.
The following short case history demonstrates the application of evoked response audiometry:
Case 1 A boy aged 7 months was referred because of suspected deafness. He was tested by an audiologist who reported that the child had an apparent bilateral loss of 90 dB with the conventional screening tests. Auditory evoked responses measured during the same afternoon were similar to those of babies of the same age with normal subjective responses. Some of the responses are shown in Fig 3 and it can be seen that there are clearly evoked responses present. The sound source was a loudspeaker, and the intensity was measured by a sound level meter in the same position as the baby's head.
These tracings thus appeared to indicate that the auditory pathway was intact. On close questioning the mother stated that she worked during the day and that the baby was looked after by a caretaker. She did not know how much attention, if any, the baby received during the day, except for feeding.
A few days later the mother stopped working as the family were emigrating; she was thus able to look after the baby full time. When retested a month later the evoked responses were unchanged, but the baby was more responsive to distracting stimuli, and, although not entirely normal, the subjective threshold appeared to be a great deal lower.
In 1968 Shimizu from Johns Hopkins University, Baltimore, carried out a small survey on 13 patients with a unilateral hearing impairment. Four of them had surgically confirmed VIII nerve tumours; 9 patients had Meniere's disease. He found that in all cases of VIII nerve lesions every average evoked response on the impaired side revealed longer latency and smaller amplitude than those obtained from the normal side. On the other hand, Meniere's disease revealed a shorter latency and an increase in amplitude on the impaired side indicating the presence of recruitment. Shimizu suggested that the contrast between the two groups was of value in differentiating VIII nerve lesions from cochlear lesions. If other Johnson reviewed 200 surgically confirmed acoustic tumours and found that almost half the patients gave inconsistent audiometric patterns on conventional testing. Our experience in carrying out evoked response audiometry in these patients, although limited, certainly confirms the presence of recruitment in Meniere's disease, but as yet we cannot substantiate Shimizu's findings of longer latency and smaller amplitude in acoustic tumours.
During the past 18 months we have developed a telemetry system to obviate the necessity for restricting leads and to minimize the subject's interference with electrodes, and so allow the child to play in a free situation. Fig 4 indicates Children, Carshalton) said that evoked response audiometry was undertaken at Carshalton. Most of the children referred for testing were extremely retarded or disturbed; it was virtually impossible to communicate with them and in addition they were extraordinarily active and restless. In such children they could not apply the electrodes, or hope that the child would allow the electrodes to stay on his head, except with heavy sedation, and in some cases the management problems were so severe that the child needed to be anesthetized. She wondered if Mr Davies had experience of that type of case, how he dealt with them and how he assessed the results in the heavily sedated state.
Mr Garfield Davies stated that their experience in assessing evoked responses under sedationwas limited, but one of them (J R) was pursuing the testing of mentally subnormal patients. At present they had no experience of severely disturbed subjects.
Mr B H Colman (Radcliffe Infirmary, Oxford) asked about the accuracy and reliability of cortical audiometric techniques in comparison with results obtained by more conventional means when this had been possible, and also whether equal accuracy was obtainable in various parts of the frequency range.
Dr R R A Coles (Institute of Sound and Vibration
Research, University of Southampton) said that the North American practice of cortical audiometry tests before child adoption had spread to this country; such tests had been performed at Southampton on several occasions. His experience was similar to that of Dr Harris at Carshalton in that the children referred for cortical audiometry included most of the problem cases; about one-third of children referred were either too active or too drowsy, and the resulting EEG patterns prevented recognizable evoked responses being obtained. It was intended to try to adapt for cortical audiometric purposes the general anaesthesia techniques sometimes used for EEG recording in hyperkinetic children.
Concerning Mr Colman's enquiry, a recently completed study at Southampton had shown that, in normal adults, cortical audiometry gave thresholds within -10 to +20 dB of those obtained by conventional audiometry; more important, in an extension of the study to 4 cases of high-tone hearing loss of noiseinduced type, cortical audiometry gave results of similar accuracy and of sufficient frequency-specificity for its potential use in checking the validity of apparent high-tone hearing lossa requirement likely to be forthcoming when industrial deafness was included in the schedule of industrial diseases eligible for compensation under the National Insurance (Industrial Injuries) Act.
Recurrent Meningitis by I A Khan FRCS (Department ofOtolaryngology,
Manchester Royal Infirmary, Manchester, M13 9 WL) Recurrent attacks of meningitis in the absence of associated pulmonary infection, upper respiratory infection or otitis media can present a difficult problem in management. In such cases careful history-taking is very important and questions must be asked regarding head injury. In head injury bleeding from the ear or nose and escape of cerebrospinal fluid may not have been noticed and in any case may have been transient and forgotten by the patient. The presence of a fistulous com-munication between the subarachnoid space and extracranial anatomical spaces predisposes to recurring attacks of meningitis.
The commonest cause of these fistule is trauma, whether surgical or accidental. Infections, neoplasms, raised intracranial tension and congenital defects may be responsible in other cases. Johnson & Dutt (1947) stated that in head injury dura mater may be torn in three ways: first, by an indriven fragment of bone as in a depressed fracture; secondly, in association with fissured fracture of the vault of the skull involving the base; thirdly, in isolated fractures of the base, but this may be difficult to demonstrate radiologically. Injury to the dura mater is suggested by the presence of a CSF leak and by aerocele on radiographs of the skull. It can also occur in their absence and the development of an abscess or meningitis may be the first indication that a dural defect exists.
Localization is often difficult. Drainage of the CSF points towards the area rather than the site, as in the presence of anosmia and deafness. Cerebrospinal rhinorrhoea can also occur in a fracture of the petrous bone.
Chemical tests on the fluid may be fallacious and injection of a dye into the spinal theca may be necessary to confirm the diagnosis.
Although long survivals associated with persistent leakage of CSF over a period of several years have been reported, the outcome was usually fatal in the pre-sulphonamide and preantibiotic era. More patients with recurrent meningitis have survived following treatment with these drugs. In cases where a fistula has resulted following head injury the defect can be defined by exploratory operation and repaired.
Case 1 0 T, man aged 25 Admitted to Manchester Royal Infirmary in July 1970 with meningitis due to Hatmophilusinfluenzw. Therewas no history of otorrhoea or upper respiratory infection preceding his illness. He responded well to treatment and was referred to the ear, nose and throat department for opinion regarding a possible cause.
Previous history: In December 1960 he had been knocked off his bicycle and was unconscious for a fortnight. He was admitted to Galway Regional Hospital where bleeding from the right ear had been recorded. On recovery he complained of deafness in the right ear, tinnitus and double vision. The last recovered spontaneously. In addition there was proptosis of the right eye and prominent veins over the forehead.
In August 1961 he had an attack of meningitis which settled on penicillin and streptomycin.
In 1964 he attended Richmond Hospital, Dublin, where a caroticocavernous fistula was diagnosed and operations were performed in the neck and intracranially. There was improvement in the orbital swelling, disappearance of the prominent veins and
